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The recent rapid development of imaging technology has revo-
lutionised the detection of adrenal and neuroendocrine
tumours by allowing more precise lesion characterisation and
improving the staging of malignant disease. These developments
are briefly reviewed below.

Adrenal tumours

Computed tomography (CT) remains the cornerstone of
adrenal imaging. Masses are initially assessed without contrast
medium to measure their attenuation value (Hounsfield Unit,
HU). About 70% of benign cortical adenomas will contain suf-
ficient intracellular lipid to lower the attenuation value to 10
HU. If the attenuation value is greater than 10 HU, immediate
and delayed scans are performed following administration of
contrast for the calculation of contrast medium washout. In
general, adenomas will demonstrate greater washout than a
nonadenomatous lesion. This technique has a sensitivity of 98%
and a specifity of 92% in differentiating an adenoma from other
adrenal tumours.1 With the advent of multidetector CT, it is
now possible to obtain exquisite reformatted images of the
adrenal glands in any plane. This has proven helpful deter-
mining whether a large mass is of renal or adrenal origin, and
also in depicting possible invasion into adjacent organs. 

Chemical shift magnetic resonance imaging (MRI) is another
powerful tool for the characterisation of adrenal lesions. It does
not involve the use of ionising radiation or contrast medium
and relies on the difference in resonance frequencies of protons
in water and intracytoplasmic lipid. Adenomas typically lose
signal on the out-of-phase images compared with the in-phase
images and the loss of signal can be assessed visually. It therefore
also depends on the presence of intracellular lipid and although
more sensitive than unenhanced CT it is less sensitive than the
CT washout techniques. The specificity of this technique is com-
parable to washout CT.2

Newer functional imaging techniques of the adrenal gland
such as positron emission tomography (PET)-CT and single
photon emission computed tomography (SPECT) combine
anatomic and functional information. 18F-fluoro-deoxy-glucose
positron emission tomography (18F-FDG-PET) exploits the
increased metabolism of glucose in malignant lesions. PET-CT

with this tracer has a high specificity for the detection of malig-
nant adrenal lesions but there have been reports of FDG uptake
in benign lesions such as adrenal adenomas and myelolipomas.3,4

FDG-PET is positive in the majority of phaeochromocytomas,
whether benign or malignant. It is useful for the localisation of
phaeochromocytomas that fail to concentrate MIBG. There have
been several recent studies evaluating the use of PET using 11C-
metomidate as a tracer.5–7 This technique is highly sensitive and
specific for differentiating between adrenocortical lesions (both
carcinomas and adenomas) and non-adrenocortical masses. It
remains to be seen if the cost and limited availability of metomi-
date (MTO)-PET will justify its widespread use in future. 

Neuroendocrine tumours

Functioning pancreatic neuroendocrine tumours are typically
small at the time of presentation and their detection is often chal-
lenging. As they are characteristically intensely vascular, multide-
tector CT, which allows the acquisition of excellent arterial-phase
imaging, has undoubtedly improved the sensitivity of CT for their
detection. Similarly, modern MRI with faster gradients and
improved radiofrequency coils has improved their detection.
Studies comparing CT and MRI are often difficult to evaluate as
the cohorts studied are small and the modalities are not at compa-
rable stages of development. We believe, however, that their sensi-
tivities are similar and exceed 80%.8 CT and MRI have the advan-
tage of the detection of small liver metastases although they may be
difficult to identify on contrast-enhanced CT and gadolinium-
enhanced MRI.9 The use of liver-specific contrast agents such as
mangafodipir-DPDP may improve their detection.10

Endoscopic ultrasound (EUS) also enables visualisation and
localisation of small pancreatic neuroendocrine tumours, par-
ticularly those in the pancreatic head. It has a sensitivity of
between 79–100%.11 The wide variation in reported sensitivities
is likely to be due to the fact that it is an operator-dependent
technique. Recently, a study into the use of contrast-enhanced
EUS in the characterisation of pancreatic tumours found that
hypovascularity as a sign of malignancy had a sensitivity of 92%
with a 100% specifity. FDG-PET has not been shown to be of
benefit in the imaging of neuroendocrine tumours except for
those that are dedifferentiated or have high proliferative
activity.13 Other PET tracers such as 18F-L-Dopa and 68Ga-
octreotide have shown some promise13 but the role of PET in
neuroendocrine tumours has yet to be defined. 
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The major benefit in the identification of gene mutations
causing endocrine neoplasia syndromes has been to allow
accurate and rapid diagnosis of affected family members. In
particular, the focus of clinical surveillance, radiology and
endocrine tests can be on only those carrying mutations.1 It
also allows testing of young individuals with apparently spo-
radic endocrine tumours, and many families with occult dis-
ease have been diagnosed and treated over the last 15 years.2

Indeed, the original case description of phaeochromocytoma
by Fraenkel has been shown to be due to multiple endocrine
neoplasia type 2A.3 Genetic studies have also defined new and
clinically distinct endocrine neoplasia syndromes, for
example: several familial paraganglioma syndromes resulting
from mutations in the succinate dehydrogenase subunit
genes4-6; multiple endocrine neoplasia type 4,7 and hyper-
parathyroidism-jaw tumour syndrome.8 As a rule, genetic
testing and interpretation of the results is easier in the auto-
somal dominant neoplasia syndromes, where one abnormal

allele is sufficient for disease. In contrast, genetic testing in
inherited metabolic syndromes (for example, congenital
adrenal hyperplasia) is complex and less useful. This is partly
because the metabolic syndromes are often autosomal reces-
sive conditions where both alleles are mutated and a there is a
high frequency of compound heterozygosity (where each
allele carries a different mutation) or whole gene deletions.
Furthermore, occult disease is unusual in the autosomal reces-
sive metabolic syndromes, where biochemical tests will iden-
tify most affected individuals, in contrast to the frequent iden-
tification of occult neoplasia in asymptomatic carriers of
familial endocrine neoplasia mutations.

From the clinician’s view, the first major advances were in
1993. The identification of RET proto-oncogene mutations
causing multiple endocrine neoplasia type 2A and familial
medullary thyroid carcinoma was reported by Ponder’s
group.9 In multiple endocrine neoplasia type 2A, the muta-
tions are usually in cysteine codons and this allows very quick
diagnostic testing in families with medullary thyroid cancer,
phaeochromocytoma and hyperparathyroidism. Prophylactic
thyroidectomy is now routine for young children carrying a
RET mutation and is effective in improving the disease-free
survival. RET mutation analysis has made pentagastrin-stim-
ulation tests for the diagnosis of MEN2A obsolete (although
pentagastrin-stimulation tests may still be helpful in follow-
up of patients after resection of medullary thyroid carci-
noma). The von Hippel-Lindau (VHL) disease tumour sup-
pressor gene causing haemangioblastomas, retinal angiomas,
renal cell carcinomas, bilateral phaeochromocytomas and
pancreatic cysts and neuroendocrine tumours was also
reported in 1993 (10). Testing for VHL syndrome in families
had involved brain, renal, pancreatic and adrenal scanning,
biochemical testing and retinal examination. This burden
has effectively been halved by mutational analysis. The
identification of the role of the VHL disease protein in the
cellular response to hypoxia promises much for future medical
treatments. 

Multiple endocrine neoplasia type 1 is a much more complex
clinical and genetic disease with a wide range of clinical mani-
festations. Although primary hyperparathyroidism due to mul-
tiple adenomas is common, using serum calcium as a screening
test in families was insensitive and non-specific. The disease is
caused by mutations in the MENIN gene. Genetic testing is
complex because many types of mutation may affect the gene,
but is important for confirming the diagnosis in patients with
unusual or limited manifestations, especially the minority
without hyperparathyroidism. Genetic testing also allows the
possibility of identifying early pre-symptomatic hyperparathy-
roidism and using treatment with the calcium-sensing receptor
agonist, cinacalcet, possibly avoiding extensive and repeated
parathyroid surgery. 

The main disappointment for clinicians is that, in general,
the link between the genetic mutation and the clinical man-
ifestations is very loose and is not useful in predicting out-
come. However, genetic studies have led to much greater
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